This paper reviews the degradation mechanism of wastewater on reinforced concrete structures with a view to finding what needs to be done to salvage these structures. Potential disintegrating agents in wastewater generated in Nigeria were identified and common degradation effects were examined. Regeneration, preventive and corrective techniques were noted. While noting that poor maintenance culture, lack of multidisciplinary research work and high cost of maintenance were major factors responsible for the high rate of deterioration. The paper, therefore, concluded with suggestions that could be employed to salvage these structures from total collapse. One of such approaches is to use admixtures, which could reduce the effect of acidic attack common in wastewater concrete structures.
INTRODUCTION
The fact that wastewater has detrimental effect on durability of reinforced concrete structures is not disputable. American Concrete Institute (ACI) Committee 201defines durability of Portland cement concrete "as its ability to resist weathering action, chemical attack, abrasion, or any other process of deterioration" [1] . Thus, durable concrete will retain its original form, quality, and serviceability when exposed to its environment. In most natural environments, concrete is durable. However, concrete is sometimes used in areas where it is exposed to substances that can attack and deteriorate it [2] . Moreso, when reinforced concrete structures are used as transporting media and/or treatment facilities for wastewater; they are exposed to extremely aggressive factors of the environment which could reduce their durability. According to [3] composition of wastewater is a function of its source, which consequently has greater impact on the nature of deterioration expected on reinforced concrete structures. There is paucity of data on the effect of wastewater generated in Nigeria on concrete structures. This paper attempts to review the nature of wastewater generated in Nigeria and its attendant effect on reinforced concrete structures. This review could create awareness gearing towards concerted research effort in this regard and the need for action to safeguard these structures from total failure.
WASTEWATER IN NIGERIA: GENERATION AND COMPOSITIONS Wastewater can mean different things to different people with a large number of definitions in use.
However, what appear to be a broader definition is given by [4] as "a combination of one or more of: domestic effluent consisting of blackwater (excreta, urine and faecal sludge) and greywater (kitchen and bathing wastewater); water from commercial establishments and institutions, including hospitals; industrial effluent, storm water and other urban runoff; agricultural, horticultural and aquaculture effluent, either dissolved or as suspended matter. Nevertheless, it is pertinent to note that the nature of wastewater generated is heavily influenced by anthropogenic impact. Nigeria is mainly an agrarian country. Apart from the south-south geopolitical region of the country that is known for crude oil production, other regions are noted for production of one agricultural product or the other (Figure 1 ).
Being the most populous country in Africa, with an estimated population of 170 million and an average density of about 130 persons per sq. km, Nigeria generates large quantities of domestic wastewater. In its quest for urbanization and industrialization, which are the impetus for economic growth, large quantities of industrial wastewater are equally generated [5] and [6] . Itah in [7] reported that Nigeria generates over 500, 000 m 3 of wastewater annually. Different researchers had characterised the nature of wastewater generated in Nigeria. (Figure 3 ) or to treatment plant where one exists. It could also be transported into soakaway and septic tanks in case of domestic wastewater. Though most domestic wastewater is transported through plastic pipes, the chambers receiving the wastes are made of concrete material. On the other hand, municipal and industrial wastewater as well as runoff water are transported through concrete sewers and stored in concrete tanks for possible treatment (Figure 3) . Occurrences of concrete degradation in these structures have been recorded in a limited fashion in aeration tanks [16] , septic tanks and pumping stations [17] , the underside of concrete slabs, and in primary influent channels [18] . Heavy metals such as lead, Zinc and Manganese [10] , highly contaminated with organic compounds which contains significant concentrations of oil and grease amounting to 563 mg L -1 [11] Paper mill industry Sugars and lignocelluloses [12] Fertilizer Plant High concentration of potentially toxic wastes rich in ammonia-nitrogen, urea, nitrate-nitrogen orthophosphate-phosphorus [11] Textile mill effluent Heavy metals, Starch, waxes, carboxymethyl cellulose (CMC), polyvinyl alcohol(PVA), wetting agents, Sodium hypochlorite, NaOH, H2O2, acids, surfactants, (NaSiO2 sodium phosphate, Sodium hydroxide, cotton wax, reducing agents, oxidizing agents, acetic acid, detergents, wetting agents, Pastes, urea, starches, gums, oils, binders, cross-linkers, reducing agents, alkali [6] Brewery industry High in carbohydrates, ammonia [12] Tannery industrial effluent Chromium (II) contamination levels [12] Soft drink effluent More acidity with a pH of 6.6±1.2 [13] Chemical industry Hydroxylbenzene (phenol), chlorobenzene, methylbenzene (toluene) and dimethylbenzene (xylene) [ 
14] Domestic wastes
Decomposable organic matter and undecomposed organic material [14] Palm oil mill industry
Organic carbon, nitrogen content (0.2 g/L) as ammonia nitrogen and 0.5 g/L total nitrogen [15] , various suspended components including cell walls, organelles, short fibres, a spectrum of carbohydrates ranging from hemicellulose to simple sugars, a range of nitrogenous compounds from proteins to amino acids, free organic acids and an assembly of minor organic and mineral constituents, dark colour [12] According to the study of [19] , there are only 26 treatment plants located at different parts of the country. All of these are made of reinforced concrete materials. The choice of reinforced concrete material for these structures could be attributed to relative resistance of concrete to water, relatively low cost of construction and ease of maintenance [20] . Nevertheless, wastewater contains disintegrating agents that make the environment very unfavourable for concrete and reinforcing bars.
MECHANISM OF DEGRADATION IN CONCRETE STRUCTURES USED IN WASTEWATER FACILITIES Degradation process of reinforced concrete structures
as wastewater facilities is a complex phenomenon. Since many factors are involved, it becomes a great challenge to isolate the impact of each of the disintegrating agents found in wastewater. However, substantial efforts by many researchers could give clue into the processes involved. Features of wastewater produced in Nigeria could be broadly classified as containing organic and inorganic substances (Table 1) .
Characterization of wastewater from homes and food processing industries in Nigeria indicated that they contain chlorides, nitrogen compounds and a wide variety of organic matters as shown by their high concentration of Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD). For instance, a total of over 17 million kg/ pollutant load of BOD were discharged into Nigerian coastal environment without any form of treatment [21] . Furthermore, chemical combination of carbon, phosphorus and nitrogen form organic matter in wastewater. The formation of organic matter causes the growth of zooplankton as well as macro benthic invertebrates, which further stimulates the growth of bacteria and fungi [22] . Bacteria and fungi play critical role in breaking down the toxic components of wastewater. This microbiological activity in wastewater produces acidic chemicals that are corrosive to concrete and steel. Parker [23] and Mori et al [24] have long identified bacterial genus Thiobacillusas a major contributor to the deterioration process of concrete sewer pipelines because these organisms are able to oxidize sulphide, elemental sulphur, thiosulfate, and poly thionite, resulting in the formation of sulphuric acid (H2SO4). Formation of H2SO4 in municipal wastewater systems is a two-stage process: bacteria produce sulphide ions and hydrogen sulphide, which are metabolized by other bacteria to produce oxidized sulphur species that react with water to produce H2SO4. Sulphuric acid (H2SO4) however, has been implicated as a corrosive agent not only to sewer pipes but also to the treatment facilities [25] and [26] . Attiogbe and Rizkalla [27] and Skalny et al [28] gave a detailed account of the degradation process that occurs when concrete encounter H2SO4. They reported that H2SO4 first reacts with the by-product of cement hydration, calcium hydroxide (Ca(OH)2), to form calcium sulphate, CaSO4 (Equation 1). When CaSO4 is hydrated, gypsum is formed. The gypsum appears on the surface of concrete pipes or tanks as described by [29] as a white, mushy substance which has no cohesive properties. Furthermore, H2SO4 attack leads to reaction between the gypsum and calcium aluminate hydrate (C3A) to form ettringite, as indicated in Equation 2. The overall effect of this reaction leads to weak concrete of no structural importance because both gypsum and ettringite have larger volumes than the compounds they replace resulting in internal pressures, formation of cracks and eventually, the loss of strength [30] . Consequently, the concrete becomes vulnerable to aggressive exposure (Figure 4a ).
Aesthetics of the concrete is equally affected as microbial activity on organic substance in wastewater supports the growth of moss, algae, lichens and fungi (Figure 4b ). Algae and moss have been noted to trigger concrete corrosion due to the humic acids resulting from their putrefaction, and due to the carbon dioxide released after the photosynthesis. Fungi engender a highly acid environment (pH = 1.9-2.8), through their gelatinous mycelia, which spread all over the concrete and penetrate deep within its core [31] . This effect results in cracking of concrete which eventually expose reinforcing bar to corrosion. However, there is still scarce research on microbial effect on concrete structures in Nigeria. Many authors have identified several other substances that are found in wastewater, which have detrimental effect on concrete. These include high concentrations of nitrates, chlorides, sulphates and heavy metals [32] , [33] , [34] and [35] . 
PRESERVATION OF CONCRETE STRUCTURES FROM DAMAGING EFFECTS OF WASTEWATER Studies have
shown that huge amount of fund is lost to degradation of wastewater utilities. While [36] estimated the expenses of repair and maintenance of private and public sewage systems in Germany at about US$100 billion, the amount lost to damage of sewers pipes and facilities was estimated as several billions of dollars annually by [37] . In Japan, it was estimated that the bio-deterioration of concrete sewer pipes was approximately 4.3 to 4.7 mm/yr. equivalent to approximate life of 20 years [38] . However, there is no report, to date, on the amount lost to wastewater facilities in Nigeria. Existing evidence has shown that corrosion and degradation are present in many concrete structures associated with water and wastewater treatment in Nigeria. The alarming fact is that some of these facilities deteriorate significantly after less than a decade in service. This situation cannot be allowed to continue, especially in the face of the economic condition of the country. Thus, preventive measures should be adopted. Unfortunately, there is scarce research in this regard in the country; the old approach in which the engineer prescribed the concrete strength without considering ways to prevent concrete deterioration process in these facilities must not be allowed to continue. Several researchers outside the shore of the country have reported different techniques in preserving these facilities, which engineers in the country can emulate. Critical review of literatures indicated that approaches used by researchers are categorised into three, namely -use of admixtures, self-healing concrete technology and microbiological prevention.
Use of Admixtures in Protecting Wastewater
Concrete Structures Admixtures are often used to modify the property of concrete to meet intended performance. Extensive review of literature showed that mineral admixtures and pozzolanic materials (natural and artificial) are used. [39] investigated performance of five admixtures (Silica fume, Metakaolin, organic corrosion inhibitor, Caltite and Xypex) in preventing H2SO4 attack, which is common to concrete sewer pipes. They reported that all the admixtures contributed to increased compressive strength and low porosity except silica fume. Although silica fume effectively increased compressive strength and reduced the porosity of concrete, its contribution to the resistance of concrete to H2SO4 was minor. Also of interest is the performance of cements containing additions of GGBS (ground granulated blast-furnace slag) which, when mixed with Portland cement, has been proven to possess an inherent sulphate resisting capability [40] and [41] . Meanwhile, in Nigeria, mineral admixtures are seldom used because they are not readily available or expensive leading to high cost of construction. Being an agrarian country, ashes of some agricultural wastes such as cassava peels, corn cobs, groundnut Husk, coconut and bambara groundnut shell have been reported to be potential pozzolanic materials [42] , [43] , [44] and [45] . However, the use of these ashes in concrete is yet to be well accepted even in normal construction, not to mention wastewater concrete structures. Another major challenge is the inadequacy of experimental test methods to analyse biological corrosion in wastewater environment taking into consideration simultaneous biological and acidic attack.
Self-Healing Technology
Though the use of self-healing properties was first reported in polymeric materials in 1969 [46] , but selfhealing in concrete is as old as concrete itself. Concrete possesses some natural autogenous healing properties. During the hydration of cement and/or carbonation of Ca(OH)2 as well as alkali-silica reaction, cracks may heal after some time. Recent developments in the field of concrete durability have led to a renewed interest in selfhealing properties of concrete. Self-healing in cementitious materials can be classified broadly into three groups: intrinsic healing, capsule based healing and vascular healing, in accordance with approaches which originate from self-healing of polymers [46] . [47] presented state-of-the art review on the application of self-healing in cementitious materials. They gave account of different approaches to selfhealing, as well as the pros and cons of each technique. They cited several works of researchers showing the potentials of improving concrete performance using self-healing techniques, especially in severe environments.
Microbiological Technique
Sulphate reducing anaerobic bacteria such as Desulfovibrio converts sulphate in wastewater to sulphide, which is later converted to H2SO4. In [48] , it was reported that these bacteria function and grow well when dissolved oxygen levels of the wastewater approaches zero. In the same vein, [49] and [50] proposed that sulphide build-up could not occur when dissolved oxygen levels were greater than 0.5mg/l and 0.1mg/l respectively. Above these oxygen levels, corrosion will not occur. To achieve increased oxygen levels, injection of air in force mains, inverted siphons, U-tubes, hydraulic falls, and side streams is proposed [51] . The use of bio films has been found to be very effective [52] , the technology of which is fully described by [53] . Bacteria and enzyme that could prey on sulphate reducing bacteria are cultured within the wastewater containing concrete structures [54] .
6. CONCLUSION i. Nigeria generates large volume of wastewater and that many of the concrete structures used in handling the waste are fast degrading due to the deteriorating impact of wastewater and poor maintenance. ii. Extensive research works have been reported on characterisation of wastewater generated in Nigeria. However, the characterisation was with a view to treating the wastes in order to safeguard public health rather than studying the effect on concrete. iii. Most techniques required in preserving wastewater reinforced concrete structures are not available locally and where available are not cost effective. iv. Further research is needed to characterise wastewater generated in Nigeria with the purpose of identifying the classes of sulphate reducing bacteria and other concrete degrading agents. v. Studies aimed at quantifying the damaging effect of wastewater generated in Nigeria on sewer pipes and other concrete wastewater utilities will require concerted efforts and multidisciplinary approach. vi. A key policy priority should therefore be to encourage the use of pozzolanic materials that could resist sulphuric acid attack in concrete. 
